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CLAIMS 

We claim: 

1. ApparatusVor computational adaptive imaging including: 

an image information acquirer providing information relating to the 

refractive characteristics in a three-dimensional imaged volume; 

a ray tracer, Virilizing the information relating to the refractive 

characteristics to trace a multiplicity of rays from a multiplicity of locations in the 

three-dimensional imaged volume through the three-dimensional imaged volume, thereby 

providing a location dependent point spread function; and 

a deconvolver, utilizing Jhe-location dependent point spread function, to 

provide an output image correctea for distortions due to _yaria tk)ns in the refractive 

characteristics in the three-dimensional imaged voh* 


2. Apparatus according to\;laim l wherein the acauifer is adapted to obtain 

refractive index information from DIC,\or example frpjnphase microscopy or from 
fluorescence. 


3. Apparatus according to claim 1 wherein the acquirer is adapted to utilize 
previously determined refractive characteristics. 

4. Apparatus for computational adaptive imaging ^according to claim 1 and 
wherein the image information acquirer acquires at least two threes-dimensional images of 
a three-dimensional imaged volume, at least one of the two threVdimensional images 
containing the information relating to the refractive characteristics in V three-dimensional 
imaged volume. 

5. Apparatus according to claim 4 and wherein the image acquirer acquires 
at least three three-dimensional images of the three-dimensional imaged volumV 


Apparatus according to claim 4 and wherein the image acquirer acquires a 
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p, u ral.,y of three-d^ona! images of*, three-d.mensiona, .maged volume, each .he 
image having a discrete wWelength band. 

Apparatus ac\rding to chin. 4 and wherem the image acquirer acquires a 
muhiplicy of three-dimens.o.Ws of the three-dimensiona, ,maged volume^*, 
the image having a wave,ength\nd which is part of a continuum represented by 
wavelength bands of the multiplicitW three-dimensional .mages. 

Apparatus according iclaim 4 wherein the .mage acquirer acquires a 
single three-dimensional image of the thrWd.mensional image volume. 

*flS^n dam. 4 andAvherein the ray tracer and the 
9 Apparatus according to claim 4 any 

deconvolve utihze ^formation ^J^^^f" - * 
three-dimensional inCged vo.ume obtained fr# of the three-dimensioj.a. .mages 
correct at least another one of the threXdirr^on^ images. / 

Apparatus according to d\» where^herav^cer includes effects on 
the image of absorptions, reflections and scatteringm^hWmple. 

Apparatus according to claim .. and w\ein the three-dimensional 
images are electromagnetic energy images. \ 

Apparatus according to claim 1. and whereinV three-dnnensiona! 
images are infrared images. \ 

Apparatus according to Cairn l. and wherem the We-dimensional 
images are non-electromagnetic images. \ 

Apparatus according to c.aim ,. and wherein the image acqu\er receives 
digital image data from a digital image source and derives therefrom the in—" 
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relating to the refractive characteristics in a three-dimensional imaged volume. 

15 . Apparatus acceding to claim 1, and wherein the image acquirer, the ray 
tracer and the deconvolve opVate repeatedly over time to provide a multiplicity of 
output images, each corrected Vr distortions due to variations in the refractive 
characteristics in the three-dimensiohal imaged volume. 

16. Apparatus according to\laim 1, and wherein the output image is an 
acoustic image and the refractive charac\istic^h^eristics of a material which 
the passage of acoustic energy therethroug 

17 . Apparatus ac^dfding to claim \ andw^ein^the outp^j image is ; 
electromagnetic image a^the refractive charaO^s are characteristic/ of a matenal 
which the passage of electromagnetic eneigy therethrough. 

18. A method for computational adaptive imaWg>c1uding the steps of: 
providing information relating X to th^active characteristics in a 

three-dimensional imaged volume; 

ray tracing, utilizing the information relating to the refractive 
characteristics, a multiplicity of rays from a multiplicity\of locations in the 
three-dimensional imaged volume through the three-dimensional it^aged volume, thereby 
providing a location dependent point spread function; and 

deconvolving, utilizing the location dependent pointWead function, 
thereby providing an output image corrected for distortions due to variations in the 
refractive characteristics in the three-dimensional imaged volume. 

19. - \ A method according to claim 18, for adding in the imaging path 
three-dimensional medium (anti-sample) with refractive properties that corrector the 
distortions of the three-dimensional sample. 
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A method f\computa,,ona, adaptive imaging — - 
herein - step of pi*, —on indudes a— * J ~ 

^-^^^^"r^^Z^ ^active 
.nree-dimensional images conning .he information relatmg 

characteristics in a three-dimension\j imaged volume. 

„■ \ claim 20 and wherein the step of providing 
„ A method according to claim 20 anu 

■■ Vast three three-dimensional .mages of 
information includes acqumng at least 
three-dimensional imaged volume. \^ 

, /"^Ttr, claim. 20 and/wherein the step of providing 
A me*od.accord,„g ,0 of the 

information ' include^cquinng ^ P ^ ^^ iscretewave 2gth b and. 
three-dimensional imaged volume, ea^bthe .paving y 

A method according Aaim \^ -> 

• • m „ltiLitv of tWdimensional images of the 
information includes acqumng a mul.tpHicty o^ whjch is 

thr ee-dime„siona, imaged vo.ume, each the im,ge haviWa — 
part of a continuum represented by the wavelength Ud. of the mu 
three-dimensional images. \ 

a „u*rX\ the three-dimensional 
A method according to claim .8, and wherel^ 

images are electromagnetic energy images. \ 

A method according to Cairn U and wherein 
images are infrared images. \ 

A method according to claim , 8 , and wherein the thVd—na. 
images are non-electromagnetic images. \ 

, -™ ,x and wherein the step of\roviding 
27 A method according to claim 18, and wn * 
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includes receiving distal image data from a digital image source and deriving therefrom 
the information relating^ the refractive characteristics along a multiplicity of light paths 
in a three-dimensional imaged volume. 

28. A method according to claim 18, and wherein the steps of providing 

information, ray tracing and deconvolving operate repeatedly over time to provide a 
multiplicity of output images, e\h corrected for distortions due to variations in the 
refractive characteristics in the three\dimensional imaged volume. 


29. 

estimated. 


A method according to claim 3wherein the refractive characteristics are 


30. Apparatulfor utilizing differenWlmterference contrast images to provide 
three-dimensional refractive inde^formaf^ri^Wluding a line integra/or operating on 
differential interference contrast imal>^playin\a directionald^vative of refractive 
index of an object to invert the directional deriVive thereof, thereby providing a 
plurality of two-dimensional representations of the refrWive index of the object. 

31. Apparatus for utilizing differential interference contrast images to provide 
three-dimensional refractive index information according to^aim 30 and also including a 
deconvolver performing deconvolution of the pluraliW of two-dimensional 
representations of the refractive index of the object, thereb\reducing out-of-focus 
contributions to the two-dimensional representations of the refractive index of the object. 

32. A method for utilizing differential interference contrast images to provide 
three-dimensional refractive index information including performing lin\integration on 
differential interference contrast images displaying a directional derivativeW refractive 
index of an object to invert the directional derivative thereof, thereby providing a 
plurality of two-dimensional representations of the refractive index of the object\ 
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A. method for uti^i 
^.dimensionaUefracYrndex! 

performing devolution of tl* 
refractive index of the object, j 
two -dimensionaHepresentat,o n softhe 
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.active index of the object. 

11 ItpivJ- \ 

a lughatnediumhavinBmuit.pievariations.n 
Apparatus for By tracmg through 

different directtons, by utttemg VW 
mumpiic.tyofiocations.nthemed.unv 

\brough a medium having mui.ipievanat.on 
A method of ray traong\hrough 

;Uein— \ ^ reftactive tndex at a muittpUcity of 

determining local v* v ^ 
to ca„onsinthemedium; \ rf , ray thr ough the ntuUioi* ° 

arfytically determmmg the P \ hereon in different dtreatons. 

^onsinthemedtum.forapWrahtyofrays.Y- 

ApparatuWconfoeaimtcroscopy— 8q ^ ^ m a 

from at ieast one^-nt mjg and 

determining an aberrated «JJP \ V ilizing th e a 
- n adaptive WscVtrolJet 

• _i »l«m«tlt. m 2 


t h/point;and «.„„, , 0 control 

fining an aoe..~~ ™ \ .^zmg the aberrated wavefront t 

- ^ t' CS IS microscope, thereby to correct aberratt 
adaptive optica, e,ement .n^ ndex 
suiting from the vanat.onsm.he reft d, 


Amethodforconfocaimicry-iuding 
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determining 

sample; 

determining the p 
point in the sample4nd pas? 
wavefront for each the point 
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^ions of the refract index m a three-dimensional 

^.upticity of rays emerging from at least one 
, the Zple, thereby determining an aberrated 


refractive index. 
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